As the media document very real evidence of global climate change and the debate over humans' role precipitating this change has ended, California led the nation by passing the first global warming legislation in the U.S. California is tasked with reducing green house gas (GHG) emissions to 1990 levels by 2020 and 80% below 1990 levels by 2050. The California Air Resources Board estimates that significant GHG reductions from passenger vehicles can be achieved through improvements in vehicle technology and the low carbon fuel standard; however, these reductions will not be enough to achieve 1990 levels if current trends in vehicle kilometers traveled (VKT) continue. Currently, most operational regional models in California have limited ability to represent the effects of transit, land use, and auto pricing strategies; efforts are now underway to develop more advanced modeling tools, including activity-based travel and land use models. In the interim, this paper reviews the international modeling literature on land use, transit, and auto pricing policies to suggest a range of VKT and GHG reduction that regions might achieve if such policies were implemented. The synthesis of the literature categorizes studies, by geographic area, policy strength, and model type, to provide insight into order of magnitude estimates for 10-, 20-, 30-, and 40-years time horizons. The analysis also highlights the effects of modeling tools of differing quality, policy implementation timeframes, and variations in urban form on the relative effectiveness of policy scenarios.
INTRODUCTION
As the public witnessed media coverage of the very real evidence of global climate change and the debate over humans' role precipitating this change has ended, California led the nation by passing the first global warming legislation in the U.S. The Global Warming Solutions Act (AB 32) requires California's green house gas (GHG) emissions be reduced to 1990 levels by 2020, and the Governor's Executive Order targets an additional 80% reduction below 1990 levels by 2050. Transportation accounts for 36% of total GHG emissions in California and 27% in the U.S. The California Air Resources Board (CARB) estimates that significant GHG reductions from passenger vehicles can be achieved through improvements in vehicle technology and the low carbon fuel standard; however, these reductions will not be enough to achieve 1990 levels if current trends in vehicle kilometers traveled (VKT) continue. As a result, land use and transport strategies to reduce growth in VKT are an important part of achieving California's GHG goals.
Currently most operational models used by state, regional, and local governments in California have limited ability to represent the effects of transit, land use, and auto pricing strategies. The major metropolitan planning organizations (MPOs) in California are in the process of developing more advanced modeling tools (activity-based travel and land use models); however, it is likely to be at least three years before such models are fully operational. In the interim, this paper reviews the international modeling literature to suggest a range of VKT and GHG reductions that regions might achieve if such policies were implemented over 10-, 20-, 30-, and 40-year time horizons. The analysis also provides insights into the effects of varying modeling tools, policy types, regulatory timeframes, and urban form on the relative effectiveness of discrete and combined policy alternatives.
The paper begins with a description of the methods used in the evaluation of the scenarios including the categorization of models, area type, and policy strength. Next, a general overview of the studies reviewed is provided, including the location, models, and scenarios by policy type. This is followed by a literature synthesis, which presents results separately for single-and combined-policy scenarios. Finally, key conclusions are drawn.
METHODS
The literature reviewed in this study consists of studies conducted by regional or state government agencies, academic researchers, and community groups. To be included in this review, the study must report VKT and/or GHG effects of a policy alternative relative to a base case (typically a trend or business-as-usual) in the same horizon year. The results are presented as per capita percentage change in VKT and include both personal and commercial vehicle travel. GHG results from reduced vehicle travel are used from one study (Lautso et al., 2004) because VKT results were not available. Most studies provide simulation results for only one or two time horizons (most typically 20 or 30 years); however, the AB 32 legislation has an initial 10-year time horizon, and the Governor's Executive Order has a 40 year time horizon. Incremental progress toward GHG reduction goals will have to be monitored. As a result, compound annual growth rates were calculated using the current base case (e.g., year 2005) for each future policy scenario time horizon or horizons. The growth rates were then applied to estimate results for the time horizons of 10, 20, 30, and 40 years. However, if a pricing study included only one time horizon, then future overestimates were addressed by applying average extrapolation changes from studies of the same policies in similar regions (i.e., size and transit infrastructure). It is important to note that the timing of implementation could change the estimates for these time horizons and, in general, near term effects may be overestimated and outer-year effects may be underestimated. Study intervals (SI), free from distribution assumptions, are identified for a 68% and 95% range of study scenario results.
Evaluation
In the evaluation of these studies, the type and quality of the model are categorized as described in Table 1 . The model types include (1) travel and/or land use models of varying quality, calibrated to specific regions and used for regulatory compliance and planning; (2) experimental or research models typically of high quality but lacking more rigorous calibration of official models; and (3) sketch planning or visioning tools used by communitybased groups to explore different development futures, but not to make official forecasts. To address generalizability, study results are categorized by area type, defined by population size and transit commute mode share (in approximately 2000). A region with a population of seven million or more is categorized as large, between seven and one million is medium, and less than one million is small. Regions with transit commute mode share greater than or equal to 10% are categorized as having high quality transit, and those with mode share less than 10% have moderate to low quality transit.
Policy type and strength are also identified in this analysis in Table 2 . Land use and auto pricing policies are widely considered to be effective policies to reduce VKT; however, historically, in California and the U.S., the adoption and implementation of these policies have been difficult for a variety of political and institutional reasons. Some of the literature included in this study attempts to "bookend" or represent extreme ends of the policy-implementation spectrum. For example, some assume all new development over a 20-year period would be accomplished through infill and redevelopment in areas near transit. Others include congestion pricing policies on all congested roadways or combine multiple auto pricing polices in one scenario (e.g., fuel pricing, VKT pricing, and parking pricing). In the near term, such aggressive implementation of land use and pricing policies seems unlikely. 
SUMMARY OF STUDIES REVIEWED
In Table 3 , the studies reviewed in this paper are summarized by source, location, model, and number of scenarios by type. 
California
Special attention is paid to recent transport, land use, and/or pricing studies conducted by the four major MPOs in California because of their relevance to the GHG goals of AB 32 and the subsequent executive order. The Sacramento Area Council of Governments (SACOG) has pioneered "Blueprint" planning in California: an MPO-sponsored participatory planning process used to develop a common land use and transport vision for the region, which is ideally accompanied by high-quality modeling of travel, environmental, and economic impacts. The San Francisco Bay Area Metropolitan Transportation Commission (MTC), the San Diego Association of Governments (SANDAG), and the Los Angeles South Coast Association of Governments (SCAG) have also conducted blueprint planning processes that are more or less similar to SACOG's approach. The San Joaquin Valley region is currently conducting its blueprint planning process. In a dramatic departure from the past, four major MPOs have included their land use strategy in official regional transportation planning documents (1, 2, 3, 4) . SACOG was allowed by the U.S. Environmental Protection Agency to use its land use plan in its official regional transportation plan alternative as part of its air quality conformity process. The results of earlier visioning studies of land use and transport scenarios in these regions are also presented in this study (5, 6, 7) . These studies typically simulate scenarios for a 30-year time horizon. However, the earlier SACOG Blueprint study (5) 
Other U.S. States
Outside of California in the U.S., simulations have been conducted in three large regions in the U.S. with high quality transit. Safirova et al. (13) and Nelson et al. (14) use the experimental LUSTRE land use model and/or START travel model to simulate transit, pricing, and land use scenarios in the Washington, D.C., region for a 20-year time horizon. Thirty-year visioning studies of land use and transit scenarios are conducted for the Chicago region using an advanced land use and travel model. In the Philadelphia region, which is part of the states of Delaware, Pennsylvania, and New Jersey, a travel model of uncertain quality is used to evaluate alternative land use and transit scenarios for a 20-year time horizon.
Numerous studies have been conducted in medium-sized city regions with moderate quality transit. In Portland, Oregon, an improved travel demand model is used to simulate land use, transit, and pricing scenarios in the famous LUTRAQ study (20-year time horizon) (15) . Later, in an official planning study, the improved travel model is used to simulate future land use scenarios for a 50-year time horizon (16) . In Salt Lake City, Envision Utah explores land use and transit scenarios as part of a regional visioning planning process for a 20-year time horizon (17) . Later, an official regional planning document includes the results of a modified land use and transport plan, with roots in the Envision Utah process, and simulated with an advanced land use model (UrbanSim) and an improved calibrated travel model for a 20 year time horizon (18) . Visioning studies are also conducted in the Twin Cities (19, 20) , Austin (21), Baltimore (22) , Seattle (23), and Orlando (24) .
International
Several studies simulate consistent sets of policy scenarios across European regions. In the PROPOLIS study, advanced calibrated land use and travel models (MEPLAN, TRANUS, and/or IRPUD) are used to simulate the effects of common transit, land use, and auto pricing policies for 10-and 20-year time horizons in six European regions (25) . Dortmund, Naples, and Bilbao are medium-sized regions with high quality transit. Helsinki is small sized with high quality transit, and Vicenza is small with moderate transit quality.
In Europe, the STEPS study, also uses advanced land use and travel models to simulate the effect of common policies in Dortmund and Edinburgh for 20 year time horizons (26) . The Dortmund and the Edinburgh SPM models are advanced calibrated land use and travel models. Edinburgh is categorized as a small sized city with relatively high quality transit.
Simmonds et al. (27) use an advanced land use and travel model calibrated to the Yorkshire region (SWYSM which includes the DELTA, START, and DTM sub-models) to evaluate a range of transit and pricing policies in an official planning document for a 25-year time horizons. The Yorkshire region is large with high quality transit.
SYNTHESIS Single Policy scenarios

Transit
In the four major regions of California, scenarios are simulated that represent transit service improvements ranging from 2.9% to 475% (2, 4, 9, 10, 11, 28) . Scenarios simulated in six European cities (25) reduce transit travel time by 10%. In Yorkshire, (29) transit service is expanded incrementally over subareas with a 30% reduction in fares and a 20% increase in frequency. Percentage change in VKT for the four time horizons for these transit scenarios (N=9) is as follows (as illustrated in Figure 1 ).
• 10 years: median -0.3%; 68% SI -1.1% to -0.1%; 95% SI -3.7% to -0.0% • 20 years: median -0.7%; 68% SI -2.1% to -0.2%; 95% SI -6.0% to -0.0% • 30 years: median -0.9%; 68% SI -3.1% to -0.2%; 95% SI -8.9% to -0.0% • 40 years: median -1.0%; 68% SI -3.5% to -0.3%; 95% SI -10.4% to -0.0% Figure 2 illustrates the distribution of transit results for the most frequent time horizon represented in these studies, the 20-year horizon. Most scenarios were simulated with land use and travel models. Those simulated with travel models only, in San Diego, San Francisco, and Sacramento, tend to fall around the median within the 68% SI (2, 4, 9) . Scenarios with similar transit investment are simulated in both the Sacramento MEPLAN model (10) and the official calibrated travel model (9) but produce very different VKT reductions: 6.0% versus 0.3%. The extreme ends of the distribution are represented by a very aggressive transit investment scenario simulated with the Sacramento MEPLAN model (11) and a transit and highway scenario simulated with a calibrated travel model in the Los Angeles region, which indicated a 0.5% increase in VMT (9) . The transit scenarios simulated with a land use and travel model in Yorkshire tend to rank with the level of transit service improvement, and most fall above the median within the 95% SI. Yorkshire is a large region with high quality transit, and thus the relative level of transit service improvement may be small compared to existing services (29) .
Land Use
Aggressive to very aggressive land-use-only scenarios are simulated in regions of varying size and quality of transit. In Washington, D.C., Safirova (13) simulates land use scenarios that include high preference for living inside the beltway (25% more attractive); increased residential housing density (20% more dense inside the beltway); live near your work program (closing cost assistance of $8,000 for first-time home buyers); and an inclusionary zoning program (increased stock of affordable housing). Elsewhere, simulations include a land use plan developed as part of the blueprint process in the San Francisco region (4); a recentralized land use scenario in an official Philadelphia region report (30) ; transit-oriented development policies in six European regions (25) ; visioning scenarios in the Twin Cities (19, 20) ; and finally a very aggressive urban growth boundary policy in the Sacramento region (11) . Percentage change in VKT for these scenarios (N=19) is as follows:
• 10 years: median -0.5%; 68% SI -2.0% to -0.1%; 95% SI -3.1% to -0.0% • 20 years: median -1.1%; 68% SI -4.0% to -0.0%; 95% SI -6% to 0.1% • 30 years: median -1.4%; 68% SI -5.9% to -0.1%; 95% SI -7.5% to 0.1% • 40 years: median -1.7%; 68% SI -7.7% to -0.1%; 95% SI -9.8% to 0.2% Some interesting patterns develop in the ordering of scenarios around the median. See Figure  2 . Scenarios simulated with integrated land use and travel models of relatively moderate policy strength in regions with high quality transit (Washington, D.C., Helsinki, Brussels, Vicenza, and Naples) tend to show very small reductions in VKT distributed above the median (13, 25) . VKT is actually increased in two scenarios, one in Washington D.C. and the other in Helsinki (13, 25) . These integrated models use relatively large zones and thus have coarse geographic resolutions, which may overestimate the share of vehicle trips relative to walk and bike trips from transit oriented development policies. The exception to this trend, however, is the very aggressive land use scenario simulated with the experimental land use and travel model in the Sacramento region, which has the greatest level of VKT reduction falling outside the 95% CI. This may be explained by the relative densities and transit quality of the regions: dense European and Washington D.C. regions with high quality transit may limit the relative effectiveness of the additional densification policies compared to the more sprawling and rapidly growing Sacramento region where trend land use patterns do not take full advantage existing transit capacity. Results for Twin Cities, a region similar to Sacramento, also fall the below median between the 68% SI and the 95% SI (19, 20) . Scenarios simulated with travel models only tend to fall around the median in Philadelphia (30), Pee Dee (31), San Francisco (4), and Orlando (24) .
Cordon Pricing
Studies of a range of cordon pricing policies are conducted in Washington D.C. as well as in Yorkshire and in six other European cities. In Washington, D.C., Safirova el al. (13) evaluate three cordon pricing scenarios: downtown cordon ($4.70); downtown cordon ($2.18) and a beltway cordon around the urban core ($3.43); and a broader beltway cordon ($2.84). Simmonds et al. (29) simulate cordon charges around the towns and cities of the Yorkshire region. In the PROPOLIS study, cordon pricing is set at 20% and 60% of the value of commuters' travel time (25) . Percentage change in VKT for scenarios (N=16) is as follows:
• 10 years: median -2.8%; 68% SI -5.8% to -1.3%; 95% SI -14.5% to -1.1% • 20 years: median -2.1%; 68% SI -6.1% to -1.3%; 95% SI -11.0% to -0.9% • 30 years: median -1.8%; 68% SI -6.4% to -0.7%; 95% SI -7.4% to -0.6% • 40 years: median -1.7%; 68% SI -4.0% to -0.5%; 95% SI -6.9% to -0.4%
All of the cordon pricing policy scenarios are simulated with integrated land use and transport models, which allow for land uses to reallocate in response to the cordon charge and thus the effect of a static policy may be reduced over time. Generally, policies rank with the magnitude of the cordon charge by region. See Figure 2 . Below the median at the tail end of the distribution, the Helsinki scenario includes two cordons that appear to affect a significantly larger share of trips than in the other regional cordon pricing scenarios. This result is unlikely to be transferable to regions with multiple employment centers.
Parking Pricing
Parking pricing studies are available for the major California regions and six European cities. Deakin et al. (8) simulate two employee parking pricing charges, representing a minimum daily price of $1.00 and another of $3.00 for drive alone work trips. In the PROPOLIS study, parking pricing is set at 20% and 60% of the value of commuters' travel time (25) . Percentage change in VKT for these parking pricing scenarios (N=16) is as follows:
• 10 years: median -2.2%; 68% SI -3.2% to -0.8%; 95% SI -6.9% to 0.1% • 20 years: median -2.2%; 68% SI -2.9% to -0.8%; 95% SI -7.1% to 0.0% • 30 years: median -2.2%; 68% SI -2.8% to -0.6%; 95% SI -7.0% to -0.2% • 40 years: median -2.0%; 68% SI -2.6% to -0.7%; 95% SI -6.1% to -0.0%
The high parking pricing scenarios simulated with an advanced travel model in the California regions fall below the median within the 68% SI, and the low parking pricing scenarios fall above the median within the 68% SI (8) with approximately 1% reductions across all time horizons. See Figure 2 . In the PROPOLIS study, the scenarios simulated with the integrated land use and travel models tend to rank by policy strength for regions. The regions of Helsinki and Naples tend to be most responsive to the pricing policies, and Dortmund and Brussels tend to be least responsive. The small change in Dortmund is explained by the policy tendency to reduce the auto mode share and to increase average shopping trips lengths (25) . In Brussels, per capita VKT is increased by 0.02% in one scenario because of housing and employment shifts from the city center and inner urban areas to outer areas of the regions (25) . As households and employers are able to adjust to the parking pricing policies in scenarios simulated by the land use and transport models, and some results are slightly dampened, and some are increased over-time.
Congestion Pricing
Congestion pricing charges are imposed on all regional roadways to reduce volume to capacity ratios to the 0.9 level in the major California regions (8) . In Washington, D.C., different congestion tolling schemes are simulated, including a variable comprehensive toll (similar to 8) and a variable freeway toll (a more limited application) (13) . In Yorkshire, the marginal external cost of pricing is imposed on roadways. Percentage change in VKT for these scenarios (N=9) is as follows:
• 10 years: median -2.3%; 68% SI -6.6% to -1.6%; 95% SI -6.8% to -1.0% • 20 years: median -2.8%; 68% SI -7.1% to -2.1%; 95% SI -7.3% to -1.4% • 30 years: median -3.3%; 68% SI -7.6% to -2.6%; 95% SI -7.8% to -1.7%
• 40 years: median -3.8%; 68% SI -8.1% to -3.1%; 95% SI -8.3% to -2.1%
As population grows over time, so does congestion, and thus these policies are more effective. In general, the stronger congestion pricing policies simulated in the California regions fall at or above the median, and congestion pricing of similar strength in Yorkshire and Washington, D.C., fall below. See Figure 2 . This result is likely explained by relative congestion levels in these studies. The California region scenarios were simulated with 1990 and 2010 time horizons and thus tend to have lower relative congestion latter studies with a 2020 time horizon. However, it is also possible that the interaction between land use and transport and greater modal alternatives to the auto contribute to the larger effects.
VKT Pricing
VKT pricing scenarios are evaluated in the California regions (8, 10) , Washington, D.C., (13) , and six European regions (25) . Deakin et al. (8) simulate a VKT fee (two cents per mile/1.6 kilometer increase in auto operating costs) in the four major California regions, which may represent an aggressive but feasible policy strategy in the form of pay-as-youdrive insurance. Rodier (10) simulates a higher VKT pricing fee (five cents per mile/1.6 kilometer increase in auto operating costs) in the Sacramento region. Safirova et al. (13) simulate an even more aggressive VKT fee (a 10 cent per mile/1.6 kilometer increase in auto operating costs) in the Washington, D.C., area. The PROPOLIS study includes VKT pricing scenarios that increase per-kilometer auto operating cost by 25%, 50%, and 100% over existing levels (25) . Percentage change in VKT for these scenarios (N=27) is as follows:
• 10 years: median -9.9%; 68% SI -14.2% to -4.4%; 95% SI -22.7% to -2.2% • 20 years: median -10.4%; 68% SI -18.4% to -4.6%; 95% SI -29.5% to -3.6% • 30 years: median -11.2%; 68% SI -22.4% to -5.0%; 95% SI -43.2% to -3.9%
• 40 years: median -11.1%; 68% SI -24.4% to -5.0%; 95% SI -54.2% to -3.8%
Moderate VKT pricing falls above the median within the 68% SI, and higher VKT pricing in Sacramento and Washington D.C. falls below the median within the 68% SI. See Figure 2 . In the PROPOLIS study, the scenarios simulated with the integrated land use and travel model tend to rank by region by policy strength. The regions of Vicenza and Naples tend to be most responsive to the pricing policies, and Dortmund and Bilbao tend to be least responsive. In the PROPOLIS study, over time, as the regional urban economies adjust to the policy, there is a slight dampening of the VKT reductions at the lower VKT price levels and a heightening of the reductions at the highest VKT price levels. The low VKT scenarios in Deakin et al. (8) scenarios could represent a pay-as-you-drive insurance scenario in California, and these results suggest a 4% to 5% reduction over the four time horizons.
Fuel Tax
Fuel tax studies are examined in California (8) and in Washington, D.C., (14) for the 20-year time horizon. In California, the following scenarios are simulated: $0.50 per gallon/3.8 liters (-0.13 fuel elasticity); $2.00 per gallon/3.8 liters (-0.13 fuel elasticity); $2.00 per gallon/3.8 liters (-0.05 fuel elasticity); and $2.00 per gallon/3.8 liters (-0.22 fuel elasticity). In Washington, D.C., Nelson et al. (14) simulate a lower fuel tax ($0.25 cents per gallon/3.8 liters). The results of these fuel tax studies show that policies rank above and below the median by policy strength. Not surprisingly, within these rankings regions with lower quality transit and sprawling land uses (i.e., Sacramento and Los Angeles) are more sensitive to fuel tax increases than more dense urban areas with high quality transit (i.e., San Francisco and Washington, D.C.) because they lack alternatives to the auto for essential travel destinations. See Figure 2 . Percentage change in VKT for these scenarios (N=17) is as follows:
• 10 years: median -8.4%; 68% SI -16.6% to -4.1%; 95% SI -17.6% to -3.9% • 20 years: median -8.2%; 68% SI -16.1% to -4.2%; 95% SI -17.4% to -3.8% • 30 years: median -8.2%; 68% SI -15.5% to -4.1%; 95% SI -17.1% to -3.6%
• 40 years: median -12.9%; 68% SI -14.9% to -4.0%; 95% SI -16.9% to -3.5%
Combined Scenarios
Land Use and Transit Analyses of the VKT effects of land use and transit scenarios are available from a series of official planning and visioning studies in the U.S. Aggressive but feasible land use plans are included in official planning documents for the following regions: San Francisco (4), San Diego (2), Los Angeles (6, 28) , Sacramento (2, 5), Baltimore (32), Seattle (23), Portland (16) , and Salt Lake City (18) . More aggressive visioning studies are conducted in Chicago (32), Salt Lake City (17), Portland (15), Austin (21), San Diego (7), and the Twin Cities (19) .
More aggressive studies are also included in experimental studies in Sacramento (9, 10, 11) and the San Joaquin Valley (12) . Percentage change in VKT for these scenarios (N=34) is as follows:
• 10 years: median -3.9%; 68% SI -5.7% to -1.5%; 95% SI -7.7% to -0.4% • 20 years: median -8.1%; 68% SI -11.4% to -3.4%; 95% SI -14.9% to -1.4% • 30 years: median -11.9%; 68% SI -16.5% to -5.1%; 95% SI -21.4% to -2.0%
• 40 years: median -15.8%; 68% SI -20.7% to -6.7%; 95% SI -27.5% to -2.7%
In general, the results of the very aggressive visioning studies (7, 17. 19, 21, 34 ) and the experimental academic studies (10, 11, 12) fall below the median. See Figure 4 . These studies tend to rank by the relative aggressiveness of plan, and those that employ land use and travel models (i.e., Chicago, San Joaquin Valley, and Sacramento) are more likely to fall below the median at the tail end of the distribution. Most of the studies above the median are official planning documents or more conservative plans in visioning studies. The studies above the median and at the tail end of the distribution tend to be less aggressive and use weaker travel models (6, 15, 23, 28) .
Combined Pricing
Combined pricing scenarios are available for the four major regions in California. A comprehensive auto pricing policy scenario is simulated by MTC (4) in the San Francisco region that includes a 100% increase in per-mile/1.6 kilometer auto operating costs, 4.9% increase in the average parking cost for work trips, and a congestion pricing charge of $0.25-per mile/1.6 kilometer on all roads when volume to capacity ratios exceed 0.9. Deakin et al. (8) also explore combined pricing policies, which include a region-wide congestion pricing policy with an average cost of $0.13 per mile; a region-wide employee parking pricing policy with a minimum charge of $1.00 per day; a fuel tax of $0.05 per gallon/3.8 liters; and VKT/emissions-based fees of approximately $0.01 per mile/1.6 liters. Despite the aggressive pricing measures included in the MTC scenario, the results are the lowest of all scenarios and low compared to the results of the single pricing policies, described above, which illustrates improved travel models lack of sensitivity to pricing policies relative advance models (i.e., STEP model). Percentage change in VKT for these scenarios (N=5) is as follows (SI is high to low because of sample size) (see Figures 3).
• 10 years: median -4.5%; 68% SI -4.6% to -4.3% • 20 years: median -8.7%; 68% SI -8.9% to -8.5%
• 30 years: median -12.8%; 68% SI -13.1% to -12.5%
• 40 years: median -16.6%; SI -17.0% to -16.3%
Transit and Pricing
In California, the comprehensive auto pricing policy scenario (described above) is added to the transit scenario for the San Francisco region (4). Deakin et al. (8) also add expanded transit to more aggressive pricing policies, including region-wide congestion pricing (mean $0.13 per mile/1.6 kilometers); region-wide employee parking pricing (minimum $3.00 per day); fuel tax ($2.00 per gallon/3.8 liters); and VKT/emissions based fees ($0.01 per mile/1.6 kilometers). In Sacramento, experimental studies examine a $0.05 VKT pricing policy with an aggressive transit scenario (10) and an even more aggressive transit scenario with a gas tax ($1.00 per gallon/3.8 liters) and parking pricing ($6.00 downtown and $1.00 elsewhere) (11) .
Outside the U.S. in Yorkshire, the congestion pricing policy (described above) is combined with increased transit frequencies and reduced transit fares (27) . In Dortmund and Edinburgh (26) , the combined pricing policy (fuel tax, VKT pricing, and congestion pricing), transit enhancements (increased speeds and reduced fares), and traffic auto calming are simulated with low, high, and/or extreme fuel price levels. In the PROPOLIS study, 75% increase in per mile/1.6 kilometers auto operating costs is added to a 5% reduction in transit travel times.
Percentage change in VKT for these scenarios (N=15) is as follows:
• 10 years: median -10.3%; 68% SI -16.6% to -1.6%; 95% SI -20.0% to -1.0%
• 20 years: median -14.4%; 68% SI -20.3% to -3.2%; 95% SI -22.2% to -1.5%
• 30 years: median -16.8%; 68% SI -28.3% to -4.7%; 95% SI -31.4% to -1.5%
• 40 years: median -17.1%; 68% SI -35.8% to -6.3%; 95% SI -39.5% to -2.0%
All the PROPOLIS and the Deakin et al. (8) Land Use, Transit, and Pricing Pricing, expanded transit, and land use studies are available from studies in Sacramento as well as European regions (9, 10, 11, 25, 26) . Scenarios in Sacramento include very aggressive land use, transit, and pricing policies (VKT tax and parking) (9); VKT pricing policy with an urban reserve, subsidy for infill development, and transit expansion (10); a VKT pricing policy with an urban growth boundary and transit expansion scenario (10); and a combined pricing and transit scenario (described above) with an urban growth boundary (11) . In the PROPOLIS study, the transit-oriented development policy is combined with a 75% increase in auto operating costs, a 50% reduction in transit fares, and a 5% increase in transit travel speeds. In Helsinki, the transit-oriented development scenario is also added to a 20% reduction in transit fares, a 5% increase in transit travel speeds, and a distance based congestion pricing charge (25) . In Dortmund and Edinburgh (26) , the combined land use, carsharing, telecommuting, fuel tax, congestion pricing, and traffic calming policies scenario is simulated at the low, high, and/or very extreme fuel price levels. Percentage change in VKT for these scenarios (N=15) is as follows:
• The results below the median at the tail end of the distribution include very extreme fuel price levels and a broader range of travel demand management measures (e.g., carsharing, telecommuting, and traffic calming). See Figure 4 . These policies may be considered very aggressive in the U.S. context. In general, policies rank by strength given their geographic context.
CONCLUSIONS
The results of this paper provide some order-of-magnitude estimates for policies that appear to have some promise of near term implementation. Employee parking pricing may result in approximately a 1% reduction in VKT over the four 10-year time horizons. Pay-as-you-drive insurance policy may produce reductions ranging from 4% to 5% reduction over all time horizons. Moderate cordon pricing schemes are likely to reduce VKT by 2% to 3% over time. Increased transit investment may reduce VKT by 0.1% to 1% during a 10-year time horizon, and in future 10-year increments, this may increase by 1 percentage point at the higher reduction level. Land-use-only scenarios may reduce VKT by up to 2% in the 10-year time horizon, which may increase by approximately 2 to 3 percentage points at the higher reduction level at 10 year increments. Land use and transit scenarios may reduce VKT by 2% to 6% during a 10-year time horizon, and these figures may increase by approximately 2 to 5 percentage points at each future 10-year increments. Combined land use, transit, and pricing policy measures would bring significantly greater reductions both in the shorter and longer term time horizons. In general, the results confirm that even improved calibrated travel models are likely to underestimate VKT reductions from land use, transit, and pricing policies. These models simply are not suited for the policy analysis demands in the era of global climate change. For example, when similar transit scenarios were simulated with the improved calibrated travel model and the integrated land use and transport model, the latter produced significantly larger results (6.0% versus 0.3%). Despite the very aggressive pricing measures simulated by the improved travel model in the San Francisco region, the results are significantly lower than weaker pricing policies simulated in the same region using an advanced travel model.
However, even the advanced models used in the reviewed studies exhibit limitations. Scenarios simulated with integrated land use and travel models of relatively moderate policy strength in regions with high quality transit tended to show very small reductions in VKT distributed widely above the median. These integrated models use relatively large zones and thus have coarse geographic resolutions, which may overestimate the share of vehicle trips relative to walk and bike trips from transit-oriented development policies. On the other hand, the advanced travel model used in the pricing studies may fail to identify possible consequences arising from land use and transport interactions. For example, pricing policies simulated with integrated land use and travel models showed that in some cities these policies may actually increase VKT by shifting housing and employment to outer areas of the regions and increasing average shopping trip lengths. Theoretically advanced land use and travel models are needed that have fine-grained geographic resolutions and represent greater variation in the socio-economic attributes of travelers.
The results of the extrapolation analysis in this study also illustrate the challenge of implementing land use and transit strategies in regulatory framework that emphasizes nearterm compliance demonstration. For example, SACOG's blueprint land use and transport plan was simulated over a 50-year time horizon; the extrapolated results, which evenly distribute VMT reduction over time, show a 4.2% reduction in VKT in the 10-year time horizon. However, a much more aggressive scenario, simulated with the improved travel model in the region over a 10-year time horizon, only showed a 0.4% reduction in VKT.
The analysis of consistent policies across different regions also provides insight into how VKT reduction may vary given existing land use densities and transit infrastructure. For example, the analysis of land-use-only policies suggest that these policies may be less effective in European and Washington, D.C., regions relative to the more sprawling and rapidly growing regions (e.g., Sacramento) where trend land use patterns do not take full advantage existing transit capacity. On the other hand, the fuel pricing scenarios for the four California regions (8) showed that regions with lower quality transit and sprawling land uses (i.e., Sacramento and Los Angeles) are less sensitive to fuel tax increases than more dense urban areas with high quality transit (i.e., San Francisco and Washington, D.C.) because they lack alternatives to the auto for essential travel destinations, which has important equity implications. In addition, the results of the auto pricing policies tended to show greater reductions in VMT in European cities because of higher quality modal options to the auto. As a result, care should be taken in generalizing such results to U.S. cities without high quality alternatives.
